A structured search reveals that online marketing of stem-cell-based interventions is skewed toward developed economies including the United States, Ireland, Australia, and Germany. Websites made broad, imprecise therapeutic claims and frequently failed to detail procedures. Widespread marketing poses challenges to regulators, bioethicists, and those seeking realistic hope from therapies.
The direct-to-consumer marketing of unproven stem cell-based interventions has developed into an international industry that has been the focus of extensive commentary and criticism (Connolly, O'Brien, and Flaherty, 2014; TaylorWeiner and Graff Zivin, 2015) . Some stem cell clinics make an extraordinary and implausible range of claims for their offerings. These are not only medical in nature but can include aesthetic and quality of life claims; anti-aging, tissue rejuvenation, and cosmetic surgery are major industry niches (Sipp, 2011) . Such claims are typically made without supporting evidence from randomized, controlled, independent clinical trials and lack market authorization from a regulatory authority. While some clinics that engage in the marketing of unproven stem cell-based interventions have sought to register clinical trials, the reporting of study results has been rare (Bianco and Sipp, 2014) . Such clinics not only pre-emptively proceed to marketing in advance of reporting, review, and approval, they often claim broader clinical benefits than can be justified by the specific indications they purport to have tested (Bianco and Sipp, 2014) .
In the early days of this under-regulated industry, clinics were typically located in developing economies, in which weak laws or lax enforcement enabled such businesses to operate with relative impunity (Lau et al., 2008) . More recently, richer countries such as Australia, Germany, Italy, Japan, and the United States have seen clinics take advantage of real or imagined gaps in regulation (McLean et al., 2015; Fujita et al., 2016; TaylorWeiner and Graff Zivin, 2015) . Consequently, overseas clinics targeting inbound medical travelers now compete directly with those located domestically within major markets.
Despite the rapid growth of this unorthodox medical sector, the full scope and diversity of the businesses engaged in marketing unproven stem cell-based interventions globally remain poorly documented. This deficit in basic quantitative knowledge of the size and activities of the industry worldwide has serious policy implications. Regulatory authorities may be hesitant to prioritize enforcement actions without a clear understanding of the scale of the suspected problem. This, in turn, may facilitate further development of the market in an environment of continued under-regulation. In the present analysis, we sought to document the state of direct-to-consumer marketing of stemcell-based therapies through a detailed content analysis of clinic websites.
Global Distribution of Stem Cell Clinics
We conducted a series of structured English-language online searches (see Supplemental Information) supplemented by a hand-curated dataset and identified 417 unique websites advertising stem cell-based therapies. The distribution of clinics was highly concentrated, with the largest fraction located in the United States. This is consistent with the accompanying findings of Turner and Knoepfler (2016) in their analysis of online direct-to-consumer marketing activity in the US and may suggest growth in the domestic industry. We identified 187 unique websites in the US offering interventions at 215 clinics ( Figures 1A and 1C) , while Turner and Knoepfler found 351 distinct businesses offering interventions at 570 physical locations. Due to differences in search strategy stringency, inclusion and exclusion criteria, and search engines used, it is not possible to make direct comparisons between these analyses, but the implication is that growth of the industry in the US has been rapid and pronounced. This may reflect uncertainties over the interpretation of existing federal laws governing the manufacture and distribution of human cell and tissue products, or the consequence of a lack of substantive enforcement activity.
We also found that Australia is home to a very high concentration of stem cell businesses advertising clinical services online (Table S1 ). With 19 unique clinic locations offering stem-cell-based interventions for a population of 23.5 million, Australia has a higher number of clinics per capita than the United States, which had the greatest total number of such sites in the world in our search (187 clinics for 310 million people) ( Figure 1B ). While Ireland had relatively few clinics, it had an unexpectedly large number per capita (five clinics for 4.5 million people), third only to the Cayman Islands and Bahamas (Table S2) .
Cell Types and Indications
We conducted a content analysis of all websites captured in our search to evaluate their claims about cell types used and medical conditions treated. This analysis was complicated by the lack of specificity and standardized terminology across websites. The majority of websites (n = 347, 83.2%) offered adult stem cells, followed by stem cells of unspecified type (n = 53, 12.7%). The remainder offered embryonic, induced pluripotent, or fetal stem cells (n = 33, 7.9%) or amniotic stem cells (n = 4, 1.0%). Approximately half the sites (n = 217, 52%) did not indicate the donor source of cells. In sites that did provide such information, those offering autologous stem cells were the most common (n = 164, 39.3%), while about half this number offered allogenic stem cells (n = 76, 18.2%) . This may reflect the weaker oversight of autologous cell-based interventions in countries such as the United States and Australia, or market response to patient preferences for autologous cells. Interestingly, 4.1% (n = 17) of sites advertised the clinical use of non-human cells.
We compared the cell types and donor sources of cells being offered in the top ten countries to the USA, representing the largest total number of clinics (Table  S1 ). All four amniotic stem cell offers were in the USA or India. Compared to the USA (n = 10, 5.3%), relatively more embryonic, induced pluripotent, and/or fetal stem cells were offered in India (n = 6, 17.1%), c 2 (2, N = 222) = 6.13, p = 0.01). There were no significant associations between countries and unspecified cell types or adult stem cells, although there was a non-significant trend toward Indonesia offering fewer adult stem cells (n = 4, 57.1%, p = 0.07). We observed a Websites were frequently imprecise on the medical conditions for which they offered interventions (Table S2) . As with our analysis of cell types used, we did not find consistent use of terminology or categorization of diseases across sites. The most common indication we identified overall was anti-aging/skincare (n = 178, 47.2%), suggesting that a considerable fraction of stem cell providers market interventions for lifestyle or aesthetic, rather than strictly medical, concerns (Table S2 ). Clinics in Thailand (n = 10, 71.4%, c 2 (2, N = 201) = 12.85, p < 0.001) and Malaysia (n = 7, 58.3%, c 2 (2, N = 199) = 5.76, p = 0.02) were more likely to offer anti-aging/skincare interventions than US clinics (n = 49, 26.2%). The most common medical conditions were diabetes, orthopedic injuries, multiple sclerosis, and Parkinson's disease ( Figure 2A ). Many sites promoted interventions for multiple unrelated medical and/or cosmetic indications.
The lack of specificity we found in both therapeutic claims and information on cell types and sources presents a challenge to more detailed analyses and may be a source of confusion for patients and consumers. Commercial websites have a clear interest in using language that is familiar to their customers, which may account for some of the ambiguity in claims. The absence of fundamentally important details in a high number of the sites we evaluated, however, raises important questions about the verifiability of claims being made by online entities regarding putative stem cell-based interventions.
Blurring of Lines
We were interested in determining how stem cell marketing websites project an image of scientific validity or authority to their users and evaluated diverse claims that might suggest such legitimacy. Nearly 40% of sites (n = 162) listed affiliations with a professional society or network, and nearly one-third claimed partnerships with academic institutions (n = 137). A small number of sites stated that they had received FDA approval (n = 34, 8.2%), whereas some explicitly mentioned exemption from FDA oversight (n = 23, 5.5%). Most sites that stated they had received some kind of official endorsement cited approval from a local authority (n = 202, 48.4%), approval from another authority (n = 183, 43.9%) or professional accreditation (n = 148, 35.5%). Some sites stated that they had received a patent (n = 21, 5.0%) or had a patent pending (n = 16, 3.8%). Many sites stated that they were conducting clinical trials of investigational stem cell-based interventions (n = 141, 33.8%).
It is very difficult to distinguish between legitimate and unapproved applications of stem cell-based interventions without access to specific protocols used by clinics. The information provided by many websites was vague and clinics marketing unapproved stem cell-based interventions often operate in legislative gray zones within their respective jurisdictions. Thus it was not possible to obtain further information or make judgments about their legitimacy without potentially introducing sampling bias. Rather, our analysis aimed to document the extent and pattern of English-searchable websites' direct-to-consumer advertising of stem-cell-based interventions regardless of the value that may be placed on individual interventions or institutions. Interestingly, the results of our structured search identified 67 academic medical center websites (66 in the USA, 1 in India), as assessed by two independent reviewers, advertising stem cell-based interventions directly to the public. Academic sites were more likely than others to state that they were conducting a stem cell-related clinical trial, c 2 (2, N = 417) = 88.35, p < 0.001. We note, however, that academic centers were relatively limited in the range of diseases they claimed to be treating or trialing using stem cells (Table S2 ). This reflects a preponderance of conventionally accepted stem cell-based interventions, such as those for hematological conditions, and relatively limited applications of novel stem-cell-based interventions ( Figure 2B ). While some of these novel applications were advertised as clinical trials, others were advertised simply as treatments. The higher amount of advertising for hematological therapies at academic centers (and to some extent private clinics) in the United States is likely to reflect both the fact that hematopoietic stem cells are regulated separately from most other cell and tissue products under relevant federal laws, and the degree of privatization of health care in the US compared to countries where these services are provided by publically funded hospitals.
Implications for Policy and Medical Ethics
In this analysis, we sought to assess direct-to-consumer marketing of stemcell-based therapies through a content analysis of clinic websites. We identified significantly more clinics than previous surveys of international stem cell marketing (Lau et al., 2008; Ogbogu et al., 2013; Connolly et al., 2014) , although an accompanying study of domestic activity in the United States (Turner and Knoepfler, 2016) suggests that growth of the US industry may be accelerating. Our investigation provides a new resource highlighting the scale and impact of this phenomenon both in the US and globally. We noted a number of websites with contact forms offering more information ''on request'' without making explicit therapeutic claims, but such sites were not captured using our inclusion criteria. Other clinics may only operate through referral services and medical tourism companies or otherwise do not maintain a website or social media page of their own. Even with our broadly inclusive approach, it is probable that we did not capture all stem cell marketing activity during the study period. It is surprising that we found businesses marketing stem-cell-based interventions were concentrated in countries that tend to have more stringent regulatory infrastructures governing health products and medical practice. For example, the Australian government does not consider some autologous cells to be medical products, so licensed physicians are currently relatively unrestricted in their ability to use such cells in medical procedures (McLean et al., 2015) . Australia was 5 th in total number of clinics ( Figure 1A ) and was also 5 th in clinics per capita ( Figure 1B) . Similarly, use of adult stem cells is relatively unregulated in Ireland, which had the 3 rd highest concentration of clinics per capita in the world ( Figure 1B ). India, which had the second highest number of clinics, has had national guidelines on clinical research and application of stem cells for nearly 10 years, but these are not legally binding. At the time of our search, China was in the top five countries for total number of clinics. China revised its regulatory framework governing clinical uses of stem cells in 2015 (Rosemann and Sleeboom-Faulkner, 2016) , so the effects of these strengthened measures are therefore not reflected in our data. Future research should examine the relationship between health services regulation, stem cell regulation, and stem-cellbased interventions offered, as this is an important potential area for public health. The provision of unproven stem cellbased interventions remains a concerning feature of the clinical landscape. We have conducted a census of websites advertising these services directly to consumers and found a number of features confirming those of earlier studies utilizing smaller samples and less exhaustive search strategies. Opacity, ambiguity, and lack of disclosure in marketing statements were prevalent in our sample. Vague descriptions of interventions, cell types, and donor sources, and extraordinarily broad, unsupported therapeutic claims were common.
Our findings of increased overall activity at the global level lend new quantitative support to the large body of media and scholarly reports that direct-to-consumer stem cell marketing remains widespread. We show that the global industry engaged in direct-to-consumer marketing of stem cell interventions in English shows geographic concentrations in highly developed countries, including the US. The ambiguity of claims made by private companies regarding cell type, cell source, conditions treated, and degrees of regulatory oversight and compliance are a source of concern. Access to accurate and precise information on therapeutic interventions is fundamental to informed decision-making by both patients and policymakers. Our analysis indicates that stem cell clinics often do not provide sufficiently detailed information about their interventions to support informed consent or evaluation of therapeutic options. 
Search Strategy
In March 2014, we conducted a Perl-scripted automated Yahoo search using the Boolean search terms '+("stem cell" OR "cell therapy") +(therapy OR treat* OR clinic) +["' . $location . '"]', with location being one of 277 countries or territories. Countries and territories were identified through a publicly compiled list of sovereign states comprising both internationally recognized United Nations member states and non-UN member states as well as their territories, internal countries, and major islands (https://en.wikipedia.org/wiki/List_of_sovereign_states). Common shorter names for nations were used separately (e.g., 'Bosnia' and 'Herzegovina'; 'United States' of 'America'). The inclusion of locations in the search terms was intended to maximize the probability of identifying clinics rather than general information articles. Consequently, clinics identified are not necessarily physically present in the locations used in the search terms. The inclusion of locations in the search terms did not identify as many unique URLs as expected. After duplicate URLs were deleted from our initial sample of 55400 URLs, only 375 unique URLs remained.
We conducted a subsequent Perl-scripted automated Yahoo search using the search terms +("stem cell" OR "cell therapy") +(therapy OR treat* OR clinic) in all Yahoo regions that supported English-language searches. This yielded 2735 unique URLs, to which was added 264 unique URLs from a hand-curated collection of stem cell sites maintained by DS. After all Yahoo search results and the hand-curated collection were combined, there were 3180 unique URLs in our final sample. It should be noted that prior to applying inclusion/exclusion criteria, unique URLs may have represented different pages from within the same website.
Coding Approach
The list of 3180 URLs was randomized using atmospheric noise randomization (random.org List Randomizer). These URLs were manually curated (by AA) by interrogating the URL and including those that met the following inclusion criteria for further examination:
1. Linked website offers of stem cell-containing products or services; AND 2. Stem cells are from animals (including humans and the patient) 3. The offer of products or services is not solely an advertisement for another website; AND 4. Stem cell-containing products or services offered are marketed for human use (as opposed to veterinary); OR 5. If it is unclear whether the website is offering a product or service or whether the product or service is being marketed for human use A second coder (IB) coded 20% (n=636) of the dataset, K=0.723, 86.2% agreement. Although this is considered substantial agreement (Landis and Koch, 1977) , we attribute the differences in inclusion to the ambiguity of some sites with regard to their purpose as well as to whether certain treatments were stem cell-related. For example, several websites initially purport to offer unbiased information or news but featured a price list or were social networking pages for clinics. Most cellular therapies were readily discernable for both coders, but tissue-based therapies such as platelet-rich plasma (PRP) caused coding discordance. Cellular therapy offers on some sites were simply missed by one coder due to the large amount of information contained therein. Thus in order to maximize inclusion in the dataset, the second coder (IB) checked the remaining excluded URLs for possible inclusion, and the dataset included all URLs that either coder included (i.e. a "believe the positive" approach).
Websites represented by multiple pages on the same site were combined into single cases and the websites archived using SiteSucker (http://ricks-apps.com/osx/sitesucker). The final sample consisted of 417 unique websites, which were fully coded (by AB and AA) according to a standardized coding sheet (below). Coding sheet development was initially deductive with inductive variables and sub-categories added as websites were examined in detail, with discussion between AB, AA, and IB followed by coding of each variable by AB and AA. As with initial coding, final codes were positive if either coder rated them as such. Verbatim records (conditions treated, cell types) were then counted by IB. Two coders (IB and DS) then coded each website for whether it was an academic center (K=0.92, 95.9% agreement), defined as major philanthropic/research organizations, universities, medical centers, and hospitals with residency programs or confirmed university affiliations, and disagreements were resolved through discussion. 
Coding Sheet

